H10% 46 SPUE LS B Vol. 10 No. 6
2023 4 11 A Navigation Positioning and Timing November 2023

doi: 10. 19306/j. cnki. 2095-8110. 2023. 06. 013
ET PSO EEHFBiEIRIEBRS
RGP IiB R EAMER X

T4k, AR, Xk, THZ, B M
W e L R AL 25 5 R R b B F 28 BT, Kb 410205)

B EASFERSREECREY R BEAREEZSGE A AN ERRBE AR E ETRBE MR
F LR AR PR — A A TR T AR AL (PSO) & & 69 3 38 3% 3k e ¥ rﬁ%?éfu%%mﬁ%@ﬁ
E, ERBBEN . EEZABRBE RERBBRA—AZRFTR,GEMNKTEEROFAE, I
FEPASRA, EIMERE B R GEEH B ERE Er e KN X A, BR T L e g
BRI AR FEAABID AR AREHNER, FRBATN BETLEARZBEH IR, &
SIREAMEREA L FINPSO Fik KRR 2%, BEXBRLEREAW,EBMBEAH—40~50 CA,
AMEE B F R IR R R RBERBAMET R T 46%,

KW F B IR R R AN IR R F AR L E Ok

FES %S .U666.1;V241. 6 MEKFRERRD A M ERS.2095-8110(2023)06-0113-09

Gyro temperature compensation method for hemispherical
resonator gyro inertial navigation
system based on PSO algorithm

DONG Mingtao, BAN Jingchao, LIU Xiaoqing, WANG Shenglan, XIA Xu

(Hunan Acrospace Institute of Electromechanical Device & Special Materials, Changsha 410205, China)

Abstract: Aiming at the problem that the bias of hemispherical resonator gyro (HRG) is affected
by temperature, the temperature frequency function is established to solve the temperature in real
time, which takes the temperature of temperature measurement circuit as the reference. A gyro
temperature compensation method for HRG inertial navigation system based on particle swarm op-
timization (PSQO) algorithm is proposed. When the temperature is solved, the function needs to be
converted into a unary cubic equation first, which has the problem that the test computer has a
large amount of calculation. The reverse fitting idea is introduced to establish a frequency tempera-
ture function, which can improve the real-time performance of temperature in gyros output and re-
duce the computational complexity of the test computer. At the same time, this method replaces
the traditional temperature measurement hardware circuit in the gyros, which provides a new idea
for the lightweight design of inertial navigation system. Considering the temperature change, the

temperature change rate and their cross terms, a temperature compensation model is established,
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and PSO algorithm is introduced to solve the model coefficients. The thermal experiment results show

that in the temperature range of —40~50 “C in temperature chamber, the bias stability of compensated

HRG has been improved by 46 % compared to the value before compensation.
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Tab. 1 The natural frequency and the T, of each gyros
R R / He T,/C
T]/OC
Ga Pe I Gy Fgi2 Gz [gIR Gz Gy Gz
—40 4 878. 848 4 871.747 4 684. 152 —34.374 —35.865 —35.849
—30 4 883.616 4 876. 313 4 688. 545 —24.689 —26.179 —26.149
—20 4 888. 354 4 880. 848 1 692. 899 —14.992 —16.438 —16.436
—10 4 893. 202 4 885. 475 4 697. 354 —5.000 —6.439 —6.425
0 4 898. 626 4 890. 667 4702, 343 6.314 4.875 4.934
10 4 903. 263 4 895.101 4 706. 596 16. 124 14. 688 14.736
20 4 907.768 4 899. 394 4 710. 727 25. 751 24. 279 24. 336
30 4912. 232 4903. 616 4 714. 808 35. 443 33.875 33.975
10 4916. 727 4 907. 949 4 718. 960 15. 267 43.752 43.818
50 1921.152 4 912. 202 4 723.040 55.128 53.673 53.708
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Fig. 2 Difference between T; and T,
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Fig. 4 Temperature-frequency curve
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Fig. 5 Frequency-temperature curve of the Gx gyro
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Tab. 2 Comparison of three temperatures

Ga IR MR /Hz T,/C Ts/C T,/C (T;—T/C (T,—Ty/C
4 878. 848 —34. 374 —34. 367 —34. 390 0.014 0.007
4 883.616 —24. 689 —24. 696 —24.716 —0.001 0. 006
4 888. 354 —14.992 —15.005 —15.025 —0.007 0.006
4 893. 202 —5.000 —4.994 —5.016 —0. 009 —0.015
4 898. 626 6.314 6. 330 6. 306 —0.007 —0.023
4 903. 263 16. 124 16. 125 16. 101 —0. 004 —0. 005
4907.768 25.751 25. 754 25. 732 —0.003 —0. 006
4 912. 232 35. 443 35.418 35.397 —0.001 0.024
4 916. 727 45. 267 45. 279 45. 259 0.002 —0.010
4921.152 55. 128 55. 128 55.103 0.008 0.008
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Fig. 6 Temperature tests photo of HRG inertial navigation system
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